The acidic triad conserved in type IA DNA topoisomerases is required for binding of Mg(II) and subsequent conformational change.
The acidic residues Asp-111, Asp-113, and Glu-115 of Escherichia coli DNA topoisomerase I are located near the active site Tyr-319 and are conserved in type IA topoisomerase sequences with counterparts in type IIA DNA topoisomerases. Their exact functional roles in catalysis have not been clearly defined. Mutant enzymes with two or more of these residues converted to alanines were found to have >90% loss of activity in the relaxation assay with 6 mM Mg(II) present. Mg(II) concentrations (15-20 mM) inhibitory for the wild type enzyme are needed by these double mutants for maximal relaxation activity. The triple mutant D111A/D113A/E115A had no detectable relaxation activity. Mg(II) binding to wild type enzyme resulted in an altered conformation detectable by Glu-C proteolytic digestion. This conformational change was not observed for the triple mutant or for the double mutant D111A/D113A. Direct measurement of Mg(II) bound showed the loss of 1-2 Mg(II) ions for each enzyme molecule due to the mutations. These results demonstrate a functional role for these acidic residues in the binding of Mg(II) to induce the conformational change required for the relaxation of supercoiled DNA by the enzyme.